SUMMARY. We report an automated ELISA method for the measurement of 17a-hydroxyprogesterone in plasma samples. A rabbit antiserum raised against 17a-hydroxyprogesterone-3-(O-carboxymethyl)oxime-bovine serum albumin is used for the assay and a homologous competitor 17a-hydroxyprogesterone-3-(O-carboxymethyl)oxime-bovine thyroglobulin is coated onto a microtitre plate. A goat anti-rabbit IgG-horse radish peroxidase is used as a probe for this solidphase assay. The assay exhibits good sensitivity, precision and accuracy. The method is used routinely for the management of patients with congenital adrenal hyperplasia.
In patients with congenital adrenal hyperplasia (CAH), an increased concentration of 17a-hydroxyprogesterone (17P) is found in various biological fluids.I Established methods of measuring this steroid are JH-based and mI_ based radioimmunoassays (RIA), enzyme and fluorescence immunoassays.r" To our knowledge an enzyme-linked immunosorbent assay (ELISA) method has never been reported and in this paper we present a technique which can be automated using a disposable microtitre plate. The method is simple and economical to operate routinely.
Our protocol requires a coating of the steroid conjugate, 17a-hydroxyprogesterone-3-(O-carboxymethyl)oxime-bovine thyroglobulin (17P-CMO-BTG), in guanidine hydrochloride solution onto a microtitre plate. We decided on this method of approach because prior to the addition of the antiserum solution by an ELISA processor, the sample hormone and the solidphase analyte are well mixed, thus eliminating any biased binding competition between the steroid hormones. This is in contrast to the solid-phase primary antibody coating techniCJ;ue used for ELISA progesterone and ferritin." II The separation of free from bound antibody is achieved by aspiration followed by washing of the microtitre plate. This completely eliminates the time-consuming centrifugation step in the classical RIA. The probe used for the assay consisted of a horseradish peroxidase-labelled goat anti-rabbit IgG. The degree of binding of the secondary antibody is inversely proportional to the concentration of the steroid hormone.
Materials and methods

CHEMICALS
Bovine serum albumin (Cohn Fraction V), guanidine hydrochloride, 17P, o-phenylenediamine dihydrochloride, protease, bovine thyroglobulin (BTG), and Tween 20 were purchased from Sigma Chemical Co, St Louis, USA. Goat anti-rabbit IgG-horseradish peroxidase was purchased from Tago Inc, Burlingame, CA, USA.· All other buffer making chemicals were from BDH Chemicals Limited, Poole, UK. Blocking buffer This is composed of wash buffer containing gelatin (1 gIL) and thiomersal (0·1 giL).
Substrate buffer
This contains citric acid monohydrate (5,25 giL) and anhydrous disodium hydrogen orthophosphate (7·10 giL), pH 5·0.
Substrate solution
This solution is freshly prepared prior to dispensing by dissolving 40 mg o-phenylenediamine dihydrochloride in 100 mL of substrate buffer, and adding 0·06 mL 30% (w/w) hydrogen peroxide.
All buffers are stored at 4°C. The wash buffer is made up daily.
Antiserum
A rabbit anti-17a-hydroxyprogesterone-3-(O-carboxymethyl)oxime-bovine serum albumin serum was used for both the RIA and ELISA.
17P Standards
Standard solutions, 7·8 to 500 pg per well, were prepared in assay buffer from a 100 nglmL ethanolic stock solution. These corresponded to plasma concentrations of 5 to 337 nmol/L, respectively of 17P, after a 90% correction factor was made for the recovery.
PROCEDURE
Preparation of I7P-CMO-BTG conjugate
Ten milligrams of 17a-hydroxyprogesterone-3-(O-carboxymethyl)oxime (l7P-CMO) was prepared by the method of Janoski et at.1 and was coupled to 30 mg of BTG by a modified mixed-anhydride method of Erlanger et al. ll Following an overnight reaction at 4°C. the product was dialysed against 2x IL of 0·02 moVL phosphate buffer. pH 7·0. for 24 h at 4°C. The conjugate. 2·5 mg/ml., stored at 4°C containing (l·ot g each of sodium azide and thiomersal, is stable for at least 12 months.
Protease digestion of BTG A 0·1 mL solution of protease (I mg/mL of PBS containing 0·1 giL thiomersal) was added to a 200 ng I7P-CMO-BTG. The reaction tube was incubated at 37°C for 18 h followed by~moc for 15 min. Quantification on the number of 17-CMO haptens conjugated to each BTG was assessed by the ELISA method. A ()'02 mL sample of the mixture was serially diluted with assay buffer and (HIS mL duplicate aliquots at each dilution were assayed. Triplicate samples were tested and after corrections had been made for the dilution. a figure of 6()3±70 was obtained.
Extraction
The procedure is similar to that described by Yeo and Whitau.:' except that the aqueous phase is frozen in acetone dry-ice mixture followed by decantation of the solvent into a clean test tube. After evaporation in a 4()OC water bath, the dry residue is reconstituted with HI mL of assay buffer.
RIA method
This 12.~I_RIA protocol has been described previously.'
EUSA method This method has been described in detail for our routine steroid assays.('. If) A summary of the procedure is described below.
Each well of the microtitre plate was coated with 2 ng 17P-CMO-BTG in IO() f..I.L of 6 mol/L guanidine hydrochloride overnight at 4°C. All subsequent steps were carried out at 200C. Dispensing steps with the exception of samples and standards, washing and photometry wcre done automatically by the ELISA Processor \I machine. Following the washing step with 3xO·2() mL of wash buffer. the non-specific binding was countered by the addition of ISO ILL of blocking buffer for I h. For assay. only the inner 6() wells of the plate were used. This was because the peripheral wells can yield erroneous results which seems dependent on the batch of microtitre plates. The standards 0-200 nmoVLof 17P was added. A sample from each pool was estimated in duplicate in four separate assays. The means from the nett concentrations from the four assays gave linear correlation equations of y=0·92x+6·7. r=(}·99
Samples
Samples of blood anticoagulated with EDTA. were promptly centrifuged and the plasma was stored at -20°C. Steroid-free plasma was prepared by mixing20 mL of plasma with I g of Amberlite XAD-2 polymeric beads (BDH Chemicals Limited) at 37°C for 2 h. The slurry was filtered and the process was repeated three times with fresh beads. and samples. 50 ul, in assay buffer. were dispensed manually into the appropriate wells followed by the automatic dispensing of 50 ul, of the primary antiserum solution in assay buffer at 45 ()()(l-fold dilution. After incubation for 2 h. the plate was washed and UKI ul, of the goat anti-rabbit IgO-horseradish peroxidase in blocking buffer at 3(KKl-fold dilution was aliquoted. After a further 2 h incubation. the plate was washed and I(Xl ul, of the substrate solution was added. The colour development of the chromogen. kept in the dark. took approximately 30 min and the reaction was stopped by adding 100ul, of 1·25moVL sulphuric acid. The absorbance was read at 492 nm. 
Results
A standard curve for the ELISA method is illustrated in Fig. I . The sensitivity of the standard curve [i.e. the smallest amount of 17P that is distinguishable from zero within the 95% confidence limit) was 1·4 pglwell which corresponds to 0·9 nmol/L.
The antiserum specificity determined by the ELISA method (see Table I ) was similar to that reported previously for RIA.
3 except for 17a-hydroxypregnenolone and prednisone. These gave higher cross-reactivities by RIA method (7·47% and 1·09% as compared to 3·33% and 0·03%. respectively by ELISA).
The inter-assay and intra-assay CVs were assessed by measuring two pools of steroid-free plasmas containing IS and UKI nmoVL of 17P. They were found to be 11·4 and 11·3% (n= 15). respectively for the inter-assay. and 5·9. 5·2% (n=8). respectively for the intra-assay.
Parallelism of sample dilutions with the standard curve was demonstrated by extracting 12·5. 25. 50. and 100 ul, aliquots from each of three samples of plasma (17P concentrations 7. 28. and 211 nmoVL) (Fig. 1) .
Recovery was investigated by measuring six steroid-free plasma samples and six from dexamethasone-suppressed patient. to which for the steroid-free samples (Fig. 2) . and y=O·87x+3·4. r=O·99 for the dexamethasonesuppressed samples. This gives a recovery factor for the assay of approximately 90%.
Thirty five CAH patient samples were assayed by both the RIA and ELISA methods. The correlation between the two assays is shown in Fig. 3 and the linear regression equation is y= I·05x-4·3. r=0·98. 
Discussion
We have demonstrated that an ELISA method can be used as an alternative to the RIA method. The main disadvantages of RIA are the short shelf-life of the radioactive tracer, the radiation hazards and the cost of equipment and scintillation counting. Published ELISA methods" I I using microtitre plates from different sources exclude the peripheral wells for their respective assays due to 'edge' effects. With our ELISA method we find that certain batches of plates from the same manufacturer do not give 'edge' effects while
The range of 17P from 43 normal subjects, aged to to 65 years. was O·3-16·~nmoVL, 7·0±3·9 (mean±SD). Hence, we set our cut-off point at I5·() nmol/L, which is about 2 standard deviations above the mean. This cut-off value is similar to that for the RIA method. The levels of I7P in treated CAH, and untreated CAH patients are less than 20 nmoVL and 30-800 nmol/L, respectively (Fig. 4) . others do. lienee. we err on the side of caution and only place additional controls in peripheral wells to monitor any edge effect. We have also verified that a coated plate with the steroid-protein conjugate in 6 mollL guanidine hydrochloride solution can be stored at 4°C for at least 3 weeks. Furthermore. we find that coated plates can be stored in the blocking buffer at 4°C for at least 1 week. In either case. no loss of antibody binding onto the solid-phase was observed. Such a robust storage condition of the conjugate enables us to store at least one coated plate at 4°C in the event of a request for an emergency 17P assay.
PBS-containing bovine serum albumin is used in preference to the blocking buffer in the primary antibody incubation step of the assay. This is because whole serum invariably contains some anti-bovine serum albumin antibodies; the presence of serum albumin blocks any increase in non-specific binding due to these antibodies and therefore. improves specificity towards the steroid of interest. The horseradish peroxidase-labelled antibody is stable and shows no loss of enzymatic activity for at least 3 months.
Routinely. incubation times for both the primary and enzyme-labelled secondary antibodies arc 2 h. However. the second antibody incubation time can be reduced to 1 h. without affecting the sensitivity of the assay. if an urgent assay is required for the emergency diagnosis of CAli. We find that it is important to maintain the primary antibody incuhation time in order to preserve the critical steepness and sensitivity of the standard curve.
Although stripped plasma. which removes steroids and other lipophilic compounds. was used for the recovery experiment. there is no difference in recovery on solvent extraction. About 93'Yo of the added steroid is recovered from both stripped and whole plasma.
The cut-off value of 15 nmollL for our assay may he slightly too high for other diagnostic purposes. for instance. luteal function studies. However. for the diagnosis and management of CAH patients. this figure provides a useful reference point.
In conclusion. we have demonstrated that the ELISA method is simple. cheap and automated, and we suggest that it is a suitable alternative to RIA.
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